The role of SMAD4 in human embryonic stem cell self-renewal and stem cell fate.
Transforming growth factor (TGF)-beta superfamily proteins play a key role in the regulation of human embryonic stem cells (hESCs). Those of the TGFbeta/activin/nodal branch seem to support self-renewal and pluripotency, whereas those of the bone morphogenic protein (BMP) branch induce differentiation. In contrast to this generalization, we found that hESC remained undifferentiated after knockdown of SMAD4 with inducible short hairpin RNA interference, although the knockdown inhibited TGFbeta signaling and rendered the cells nonresponsive to BMP-induced differentiation. Moreover, the rapid differentiation of hESC after pharmacological inhibition of TGFbeta/activin/nodal receptor signaling was restricted after SMAD4 knockdown. These results suggest that TGFbeta/activin/nodal signaling supports the undifferentiated phenotype of hESC by suppressing BMP activity. During long-term culture, SMAD4 knockdown cell populations became less stable and more permissive to neural induction, a situation that was rescued by re-establishment of SMAD4 expression. These results suggest that SMAD4 is not required for maintenance of the undifferentiated state of hESC, but rather to stabilize that state.